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1 Introduction 
The followiiig report summarizes tlie research carried out during tlie period 
of June, 1987 through December 1987 for NASA grant NCC1-90. Tlie work 
described here was carried out by tlie principal irivcstiptor, James Scliwing, arid 
a graduate research assistant, Jan Spangler, in cooperation with the SAl.4 RT 
(Solid Modeling Aerospace Research Tool) system design team of tlie Vehicle 
Analysis Branch a t  N A S A  Langley. 
Research during tliis period focused on two major arcas. Tlic first elrort 
addressed the design and implementation of a technique that allows for the 
visualization of the real-time variation of pliysical properties. TIie sccoiicl cf- 
fort focused on tlie design and implementation of an on-line help system with 
components designed for both authors and users of lielp information. 
2 Real-time Visualization Algorithms for the 
Display of Physical Properties 
Calculation of physical properties is aii iiiiportaiit slep iii  llie atialysis of 
aerospace vehicles. Indeed, much of tlie earlier research under this grant lias 
gone into the development of techniques appropriate to tlie conceptual design 
environment. Key aspects of this design eiiviroiiiiieiit are suiiiiiiarized below 
and are taken from [1,2]. 
Coriceytual desigii requires llic evaluuiioit of a i i i i ik i tuc lc  of vehic le  co1rcciit.s. 
To achieve high productivity, a desigiicr must be able to gciicrale coiiiplcte arid 
accurate tliree dirnerisioiial models of coinplex vehicle shapes easily, quiclily 
and in a natural way. Completeness of tlie design process requires, among 
other things, calculation of pliysical properties to  be carried out as eflicieiitly as 
possible with in required accuracy constraints. Ease of definition is aided by tlie 
use of hierarchical data structures (trees). Trees provide a natural technique for 
defining and manipulating a configuratioii. 
As .mentioned above, previous work o n  this grant has lead to tlie devel- op- 
merit and implementation of algoritlinis wliich iiiiproved the eflicieiicy of tlie 
calculation of physical properties by a factor of four. However, even with this 
improvement, calculations for a coinplex veliicle, such as a coiicept for a com- 
bination booster and orbiter, would require several iiiiiiutcs to coiiiplete. Sucli 
times are acceptable (and unavoidable given the complexity of veliicle conligu- 
ration) for a one-time calculation of a given concept. 
It  should be noted however that tlie conceptual design process requires tlie 
frequent redefinition of major parameters leading to the need for continuing re- 
computation of physical properties. l'liis raises qucstioiis coiiceriiiiig tlic tiiiie 
required to  carry out that process by completely reintegrating the entire vc- 
hicle. The sections that follow present conditions uiider wliicli tlie amount of 
computation involved in a revised coilfiguration is trivial. Algoritliiiw are tlieii 
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presented wliich apply tliis theory to  tlie vistializatioii of propcrtics sucli as the 
centroid. Current inipleinentation has provided the ShId4R?’ designers witli a 
tool that graphically represents the real-time, dynamic changes ill tlie position 
of the centroid as various sub-assemblies are moved relative to one aiiotlier. 
Questions such as how the centroid of a vehicle changes as a iunctioll of tlie 
position of tlie wings or fuel tanks are aiiswcred grapliically in real- time. 
2.1 Assumptions and Observations 
The basic data  structure is hierarchical in nature and can be represented 
by a tree, see for example figure 1. Elements a t  the leaf positions, such as 
Cl and Cz, represent components or the basic building blocks of tlie design. 
These nodes also contain a full analytic surrace definition for both graphical 
presentation and analytical computation. Tlie assembly node, A ,  is the combi- 
nation of the lower level components via  a disjoint union. It is assumed that 
tlie general Boolean operations of union, direrence and intersection are car- 
ried out by ShIART prior t o  these computations. Branch labels, TI TI  and 
T2, represent transformation matricies witli 2’1 and T2 placiiig respective com- 
ponents within tlie assembly and T orientirig the total asscmbly. Such trails- 
formations are made up of designer specilied rotations, traiislatioiis aiid scnlitigs. 
Figure 1. 
For initial conceptual design elfoforts, mass properties are based upon the 
assumption of uniformly dense objects. For example, a solid is represented by 
a uniform density times its volume obtained via  integratioii over tlie aiialytic 
surface. Notice that certain objects may be thought of as the combination of 
more than one type of density. A fuel tank may be represented by both a solid, 
density per unit volume, for the mass of tlie fuel and a shell, density per unit 
area, for the maSs of the tank structure. 
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Under these assumptions, the followiiig obscrvatioiis can be tiiatle. 
Observa t ion  1: 
Mass of an  assembly node can be derived from tlie sum of its com- 
ponent nodes. 
Observa t ion  2: 
Mass of an  assembly node is uiiarected by tlie relative positioning, 
rotational and translational, of its component nodes. 
2.2 
The goal of this section is to  record the effects of geometric transforma- 
tions on the physical properties of the assembly described in figure 1. General 
references for this information may be found in [3,4]. 
Physical Properties aiid the Effects of Geoiiietric Transforiiiatioiis 
2.2.1 Cent ro ids  and Trans la t ion  and Ro ta t ion  
Let ( % i ,  y,, 2,) and Mi be the centroid and mass respectively of tlie compo- 
nent Ci. Let (i,, j j i ,  &) be the transformed centroid of the component C,. It is 
iiss II nicd Ilia t t lie t rat is  for I 1 i a  tion Ti coiisisls 01 I I y o f  r n h t h  i t  i I t l /or 1. I';L I is1at.inii . 
In which case the transformed component centroid is found siniply by applying 
I,Iii* i l i t l ici iI .c. t l  I . ~ ~ i i i ~ ~ i ) ~ t i i ~ i I , i t J t i  1 . 1 )  1 . 1 1 1 .  origiiid t~i~ti l .roi<i .  I I I  ;i~l~lil . i i , i i ,  . is I B I I S I - ~ V I Y I  
that the mass properties are unall'ccted by blie rotation aiid/or traiislalioii. N o w  
tlie x centroid of tlie assembly may be calculated by 
Similar equations hold for the y and z centroids. 
2.2.2 Centroids arid Uiiiforin Scaliiig 
In order to  proceed with the case for uniform scaling, it is necessary to review 
how a components original centroid was calculated. For esample suppose that 
tlie component represents a shell, tlien tile x ceiitroid is derived by 
Jc, zdtn 
sc, dnr 
J,,d,Jdadt 
Zi = -
s, cd, J d s d t  -  
wliere J = d m  , the Jacobian, d ,  represents 
factor and R represents tlie region of p~iraiiietcrizatioii. 
tlie dcnsity 
J 
I f  uniform scaling occurs then the same regioii I t  iiiay be used. Each coor- 
dinate parameterization becomes a scaled version of the original. For example, 
i l k  represents the uniform scale factor, tlieii 
Thus 
E = (ax/as)2 + ( 8 Y / D S ) '  + ( D Z / D S ) *  
= k*[(az /8s)2  + (Dy /Ds) '  + ( & / D S ) ' ]  
= k 2 E .  
And similarly 
so tl1at 
And finally, 
j = k 2 J .  
Similar 1 y, 
Analysis for the solid and linear cases lead to the suile result. Notice the simpli- 
fication of the defining integral w a s  dependent upon the scaliiig being uniform 
N on- un ifor in scaling req u ires rei n tegra t ion to de t c r I 1 ii nc t 1 LC t r a I I b fori 1 icd cr I I- 
troid. 
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2.2.3 Moiiieiits a i d  Products of‘ Iiicrtia a id  Traiwl,  ‘1 t’ 1011 
Consider first the component itself. Assume that I ,  represents the moment 
of inertia parallel to tlie x axis. Further let If represent the distance of the 
original centroid from the x axis, tIiat is 13 = I’ + 2‘ . Similarly let 12 represent 
tlie distance froiii the transforined centroid to tlie x axis. 
Then 
i, = I ,  + M(l:  - /I). 
Equivalent formulae holding for the other moments and products of inertia. 
Please refer to  (41 for a complete listing of tliese formulae. From tliese, the 
moments and products of inertia for the assembly can be obtained by summing 
those for each of the components. 
2.2.4 M o m e n t s  aiid P r o d u c t s  of Iiicrtia and Rotat ioi i  
Again, consider the eflect of rolatioii 011 a siiigle coinponelit. Assuine that 
tlie given rotation is represented by a post-multiplicatioii matrix 
T12 r13 
I I =  ( ::fi 1-22 
1-23 1’33 
For tliis case, 
i, = I,rTl + I , , T ~ ~  + ~ ~ r i ~  - 
2( f’zyI.1 l l * z l  + f ’ ~ 2  1’1 11.31 + I’y; 1’21 I .3 , ) .  
Again a full set of formulae for rotated moments and products of inertia can be 
found in [4]. Also as is the case for translation, the sum of rotated moments 
and products of inertia leads to  those for the assembly node. 
2.2.5 Moments arid Products of Iiicrtia mid Uiiiforiii Scaliiig 
As in the development of section 2.2.2, the sectioii below will detail tlie 
effects of uniform scaling on I ,  when the given coinponcnt is assumed to be a 
sliell. Results extend to other coordinates a i d  to solid and linear coiiipoiieiih 
as well. Those results will be stated but not looked at in detail. 
Recall r 
Therefore, 
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For sIirIls, all otlicr iiiomciits wid prodiicts of ittclrtia ;iIao rdlcct  i i  scidiiig of k4 
for a uniform scale factor of %. In the case of solids, the iiioiiieiits and products 
are scaled by k5, while linear components are scaled by k 3 .  
2.3 Calculation of Physical Properties 
Previous work on tliis grant produced a collection of algorithrns capable 
of computing physical properties for compoiients of the type defined by tlie 
S M A R T  system (51. 'l'lrese rouliiics caii be uscd to  gc11ccat.e a11 iiikial collcctioir 
of physical properties for each leaf node in tlie hierarchical structure of tlie tree. 
As leaf nodes are defined, S M A R T  allows tlie arbitrary application of geo- 
metric transformations including rotation, translation and scaling, both uniform 
and non-uniform. Later as the designer moves on to the definition of assem- 
blies, all geometric transformations but one remain available for the positioning 
of assemblies. Tlie exception is non-uniform scaling. This restrictioii does not 
limit the scope of SMART as all appropriate noli-uniforrii scaling should always 
be applied to leaf node components. 
Section 2.2 provides the foundation which allows tlie construction of a lgo  
ritlims that transform pliysical properties throughout the hierarchy from those 
of the basic leaf components calculated above. This provides access to physical 
properties a t  all levels without the need to coiitiiiually resort to cotnplicatcd 
quadrature techniques. In addition, section 2.2 provides a foundation for algo- 
rithms which provide a rapid update of pliysical properties after any geometric 
trans for mat ions except 11011- uniform scaling . 
Before proceeding, it is noted that any node, wlietlier leaf or assembly, is 
allowed to have constituent portions from each of the three types of densities: 
solid, shell and litiear. Thus records are kept for eacli node that track the 
corrtribution of each type as well as tlie total. Secondly, it is noted that all 
geornetric transformations in S h f A R T  are accumulated and applicd to objects 
i n  the order: scaliiig, rotiititrg and tratisliLtiiig. 
2.3.1 . Algoritliiii for Property Calculatioii a t  Lciif Notlcs 
1. Determine if properties are being calciilatctl for tlic first tiiiic o r  if non- 
uiiiforrn scaliiig lias been applied. 
CASE: First-time calculatioiis or noii-uiiiforiii scaliiig 
2. Apply or reapply the quadrature approximation sclienies of [5]  to tliis 
leaf node. 
CASE: All other transforms 
3. Determine the new mass, AIs,  A I , h  and A I , ,  for each type, solid, shell 
and linear, by scaling previously defiiied weights by the appropriate 
factor, k3, k 2  and k, respectively. 
4. Fully scale, rotate and translate tlie centroid for each type. Refer to  
5. Fully scale, rotate and translate tlie nioinents aid products of inertia 
6. Form a mass oriented centroid froin a inass weighted average of the 
sections 2.2.1 and 2.2.2 for tlie appropriate formulae. 
for each type. Refer to  sections 2.2.3, 2.2.4 and 2.2.5. 
t h e e  types of densilies. For exaiiiplc, 
7. Form tlie total moments and products of inertia by accumulating 
those of each type. For example, 
1s = 1x1 + I r s h  + Izs. 
2.3.2 Algorithm for Propagating Properties Tliroughout tlie Hierarchy 
Throughout this section, it is assumed that for a given assembly node all 
components have had tlieir pliysical propcrties calculated and traiisforiiietl with 
respect to tlieir positioning williiri tlie assciiibly as described ill 2.3.1. ‘l’lie al- 
gorithm presented below will then combine this iiifoririation with ariy geoinetric 
transformations of tlie assembly itself t o  derive properties in a form ready to 
pass on to tlie next level of tlie hierarchy. 
As a final observation of this section, it is noted that all levels of the tree can 
br: generated by a recursive traversill. ‘ l ’ I i c r c l b r ( ~  c o i i t b i t t i i t i o i i  of  1 . 1 1 ~  ; i lgorit , l i t i :  
below with that of 2.3.1 and a traversal of tlic trcc will cause prol)crLic.s for tlic 
ciitire conliguralioii to be generated. 
1.  Determine the total mass of eacli type, solid, sliell arid liiicar, for the 
assembly by summing those of each of the corresponding components. 
Determine the total mass by suninling tlie inass of caclr type. 
2. Scale eacli of tlie type of inasses for tile assenibly, M ~ A ,  A l , h ~  aiid A f , A ,  
by the appropriate scale factor, L, k’ and k 3 ,  respectively. 
3. For eacli component, fully scale, rotate and trailslate the ceiitroid of each 
type. Refer to  sections 2.2.1 aiid 2.2.2. 
4. For each type, form the ceiitroid of tlie asseiiil~ly tioiii tlie iiiass weighted 
average of its components. For example, consider the linear centroid: 
5 .  Form the 111ast1 cenlroid of the usei i ibl;~ using a 111ilss wciylitcd avcragc of 
each type. For example, 
M I A 5 I A  + MshAfshA + M s A Z s A  
?A = 
MA 
6. For each component, fully scale, rotate and translate the moments and 
products of inertia of each type. Refer to sections 2.2.3, 2.2.3 and 2.2.5. 
7. For each type, form the moments and products of inertia for the assembly 
by summing those of the components. 
LIA = LIC, 
i 
8. Form mass based moments and products of inertia for the assembly by 
summing those of each type. 
I ~ A  = I z I A  $. IzshA + I r s ~ .  
2.3.3 Algorit 1iiu for U pda t iiig Proper tics 
,. lliis scclioii prcscrilu aii algorilliiii which i 1 k J W S  Tor t l i c :  r i q ) i ( l  u I d i t c  or 
properties when geometric transformations are applied to any iiode witliiii the 
Iiicrarcliical s l r u c l u r c  ul  llie o v c r a l l  cuiilig!iritLiuii. 
Note, no as- 
sumption is made concerning whether C is a leaf node or an assembly node. 
Properties of C must now Le updated. As we have seen iii the previous sccliori 
property evaluations of C contribute to the property evaluations of C’s par- 
ents. Thus the parent must also be updated. IIowever, for the parents, only the 
portion of the evaluation associated witli C must be updated. (SMAILT only 
allows the geometric transformation of one component or assembly a t  a time.) 
This argument applies to  all higher level generations up to the root of the tree. 
Assume a transformation is applied to iiode C in  figure 2. 
d 
I ROOT I 
0 
0 
0 
Figure 2. 
In summary, the algorithm described here starts with tlie root aid  visits 
nodes along the branch of the tree leading to  C. At each node it visits, it 
subtracts the portion of the physical properties calculation due to C. Once 
node C is reached, the evaluations of its properties is updated to reflect the 
new geometric transfortuations. Finally, the patli is reversed aiid tlie revised 
contributions due to  C are added back into the upper level nodes. 
1. Loop over all nodes along the branch from ROOT to C. 
2. Subtract contributions to  total, solid, shell and linear mass compo- 
3. Subtract contributions to total, solid, shell and linear moments and 
4. Subtract contributions to  total, solid, shell and linear centroids made 
nents made by the node at the next level down. 
products of inertia made by the node a t  the next level down. 
by the node a t  the next level down. 
5. End loop. 
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Notes: This is essentially the reverse of tlie process described for section 2.3.2.  
With subtraction made only for the component in need of update. Caution 
is urged in tlie calculation of the appropriate subtraction factor. Recall, 
Assuiiie that the jlli component ncccls rcniovnl. TIicii 
So that, 
6. Update the properties of C. Use 2.3.1 if C is a leaf node. Use 2.3.2 if C 
is an assembly node. 
7. Loop over nodes along the branch froin C to ROOT. 
8. Add contribution to total, solid, sliell and linear mass by node to the 
9. Add contribution to  total, solid, shell and linear moments aiid prod- 
10. Add contribution to total, solid, sliell and h e a r  centroids by node 
next level up. 
ucts of inertia by node to  the next level up. 
to the next level up. 
11. End loop. 
Note: The same cautions apply when addilig back as discussed for subtraction 
above. 
2.3.4 C oiiiparisioii of Calcula t ioiis 
The purpose of tliis section is to compare the aiiiouiit of calculrrtioii that 
occurs in the recalculation of physical properties wlieii coinputatioiid are car- 
ried out by reintegration of the components versus updating properties via tlie 
algorithms described in tlie early portions of tliis chapter. 
For simplicity, refer again to the configuration described by tlie hierarchy 
of figure 1. Suppose that a geometric transformation is applied to one of the 
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components, say C1. There are two possible ways that a system such as S h f A R T  
could apply the quadrature approximations of [5] to  derive updated property 
calculations of the assembly, A.  
First, a new representation for the final world orientation of A could Le de- 
rived by applying updated transformation TI and tlie transformation T to each 
of the patclies of Cl. ' l l c  tecliniques of [5] way tlicii bc ill)pIicd dircctly to the 
combination of these newly transformed patches and the previously transformed 
patches of CZ. 
Alternately, the system could take advantage of tlie algorithm for propagat- 
ing propery calculations throughout the hierarchy by the techniques described 
in section 2.3.2. In this case, once a geometric transformation was  applied t o  
the patches defining C1, the system could apply the approximations of [5] and 
repropagate these results with those already calulated for the node Cz. 
In either of these instances the quadrature approximations of [5] are applied 
a t  a minimum to each of the patches defining tlie newly transformed C1. Inspec- 
tion of the approximaton algorithm reveals that the quadrature techniques of [5]  
requires the evaluation of a given surface patch a t  ( G r t + ~ ) ~  points. IIere R is the 
number of iteration levels required to  get convergence for tlie defining property 
integral. Such evaluations require the computation of a four dimensional vector 
matrix product in each of three coordinates. Fortunately, the calculations of [5] 
reuse the evaluation at these points for each of the physical properties, so that 
they need only be done once for each patch. 
In the alternative proposed above, as long as  lie tranforniatioii on C1 docs 
iiot iuvolve uoti-uriiforin scalirig, no rciiilcyratiori is rcquircd. Cotisitler  lie up- 
date of the centroid assuming all three geometric transforination have occurred, 
Le. uniform scaling, rotation and translation. Begin by updating the mass of 
Cl. This may require as many as three multiplicatioiis if CI contailis portions 
defined by each type of density, linear, shell and solid. Next each portion of 
the centroid of Cl, again linear, shell and solid, must be scaled, rotated and 
translated. A maximum of ten multiplications and six additions per coorcliiiate 
and type. 
Thus the implementation of the algorithm of this chapter insure that tlie 
recomputation of physical prciperties is a function only of the depth of the 
tree and not the complexity of the componets that make up the configuration. 
Neither an  increase in the number of patclies per component, the nuinber of leaf 
node components nor the need for increased iteratioiis in  the quadrature sclienie 
for improved accuracy will increase the aiiiouiit of coiiiputatioii required wlieii 
updating transformed physical properties. This fact coriibined wit11 tlie smdl  
number of artihmentic operations invlolved iii an update allow for the real-time 
visualization of transformation of these properties. 
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2.4 An Example 
The configuration represented by figure 9 lias been put together t o  illus- 
trate the capability for using the techniques of the previous sections in a simple 
verifiable model. I t  is recognized that the configuration itself is unnecessarily 
complicated. Extraneous operations and nodes are included to illustrate the 
capabilities of the algorithms. Indeed, the section will conclude with an equiv- 
alent configuration in simplified form. 
A f 21 11 t(111 k 
cylinder fn11k 
T5 
I cy12 
T1 I
Figure 3.  
The configuration fu l l t ank  represents a cylindrical, fueled tank. The 
"fuel" for this tank is defined as the union of two separate cylinders g1 and 
92 while tank represents the structure of the tank, i.e. a cylindrical shell. A 
description of the component nodes and geometric transformations follow. 
svo11, suo12 - right circular cylinders, h = .25, r = .5, axis of rotational 
symmetry: I ,  centroid: (O,O,O), solid dciisily: 1 
T1 - transforms svo11, uniforinly scales: k = 1, translates: 1: = -.% 
T2 - transforms sv012, uniformly scales: k = 2, translates: 2 = .25 
g l  - result of transforming svoll by 7'1 
92 - result of transforming svol2 by T 2  
T3, T4 - identity traiisfornlations 011 y l  a i d  g2 
12 
cy l inder  - the union of g l  and 92 
cy12 - right circular cylinder, h = 1, 
2, centroid: (O,O,O), shell density: 1 
T5 - identity transformation of cyl2 
tank  - same as cy12 since no geometric transformation occurs 
T6, T7 - ideiility lraiisformations 011 cylinder aiicl lailk respectively 
full tank - union of fuel cy l inder  a id  iunk structure conibiiiiiig both shell 
and solid coiiipoiicrits 
18 - 1raiisl;ilioii ol' j u l l l u i i k  10 i1.z l i i l d  l w h i l i o i i :  c = 1 ,  y = 1 ,  2 = 1 
= 1, axis of rotational symmetry: 
, I  
111 llie tables ha1  follow, quadralurc approxiiiialioii cdciilatioils wcrc per- 
formed only for the leaf nodes. Properties at the other nodes of the tree are 
derived via the techniques described earlier. 11 is also a t  lliis point that SM.4 R T  
could be used to  apply further geometric transformations. Property updates 
would then be calculated on the fly. 
Table 1.  
PHYSICAL PROPERTIES OF svoll 
THE PROPERTIES OF VOLUME 
total volume: 
weight per unit volume: 
volume-based centroid: 
volume-based xx moment: 
volume-based yy moment: 
volume-based zz moment: 
volume-based xy product: 
volume-based xz product: 
volume-based yz product: 
THE PROPERTIES OF MASS 
total mass: 
mass by area: 
mass by volume: 
mass-based centroid: 
mass-based xx moment: 
mass-based yy moment: 
mass-based z z  moment: 
mass -based xy moment: 
mass-based xz moment: 
mass-based yz moment: 
0.1963 n/16 = 0.1963 
1.0000 
0.0245 r r /128 = 0.3245 
0.0133 13n/3072 = C.0133 
0.0133 13n/3072 = 0.0133 
0.0000 0 
0.0000 0 
0.0000 0 
( 0.0000, 0 .0000 ,  0.0000) 
0.1963 rr/l6 = 0.1963 
0.0000 
0.1963 n/16 = 0 .  1%):~ 
0.0245 n /128  = 0.0245 
0.0133 131r/3072 = 0.0133 
0.0133 13n/3072 = 0.0133 
0.0000 0 
0.0000 0 
0.0000 0 
( 0.0000, 0.0000, 0 .0000)  
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Table 1. (coiit.) 
PHYSICAL PROPERTIES OF gl 
THE PROPERTIES OF MASS 
total mass: 1.5707 n / 2  = 1.5708 
mass by volume: 1.5707 n / 2  = 1.5708 
mass-based centroid: (-0.2500, 0.0000, 0.0000) 
mass -based xx moment : 0.7855 n / 4  = 0,7854 
mass-based yy moment: 0.5238 rr/S = 0.5236 
mass-based zz moment: 0.5238 n / 6  = 0.5236 
mass-based xy moment: 
mass-based xz moment: 
mass by area: 0.0000 
0.0000 0 
0.0000 0 
mass-based yz moment: 0.0000 0 
PHYSICAL PROPERTIES OF svol2 
total volume: 
weight per unit volume: 
volume-based centroid: 
volume-based xx moment: 
volume-based yy moment: 
volume-based zz moment: 
volume -based xy product : 
volume -based xz product : 
volume-based yz product: 
THE PROPERTIES OF VOLUME 
0.1963 n/16 = 0.1963 
1.0000 
0.0245 m/128 = 0.0245 
0.0133 13n/3072 = 0.0133 
0.0133 13n/3072 = 0.0133 
0.0000 0 
0.0000 0 
0.0000 0 
( 0.0000, 0.0000, 0 . 0 0 0 0 )  
THE PROPERTIES OF MASS 
total mass: 
mass by area: 
mass by volume: 
mass-based centroid: 
mass-based xx moment: 
mass-based yy moment: 
mass-based zz moment: 
mass-based xy moment: 
mass-based xz moment: 
mass - based yz moment : 
0.1963 
0.0000 
0.19c3 
( 0.0000, 
0.0245 
0.0133 
0.0133 
0.0000 
0.0000 
0.0000 
n/16 = 0.1963 
~ / 1 6  = 0.1963 
n / 1 2 8  = 0.0245 
1 3 ~ / 3 0 7 2  = 0.0133 
13*/3072 = 0.0133 
0.0000, 0.0000)  
0 
0 
0 
1 4 
Table 1. (cont.) 
PHYSICAL PROPERTIES OF i32 
THE PROPERTIES OF MASS 
total mass: 
mass by area: 
mass by volume : 
mass-based centroid: 
mass -based xx moment: 
mass-based yy moment: 
mass - based zz moment : 
mass-based xy moment: 
mass-based xz moment: 
mass-based yz moment: 
1.5707 
0.0000 
1.5707 
( 0.2500, 
0.7855 
0.5238 
0.5238 
0.0000 
0.0000 
0.0000 
= 1.5708 
* / 4  = 0.7854 
"/6 = 0.5236 
~ / 6  = 0.5236 
0.0000,  0 .0000)  
0 
0 
0 
PHYSICAL PROPERTIES OF cy12 
THE PROPERTIES OF AREA 
total surface area: 12.5650 4n = 12.5663 
weight per unit area: 1.0000 
projected area in xy plane: 1.9994 2 
projected area in xz plane: 1.9994 2 
projected area in yz plane: 3.1415 n = 3.1416 
surface-based centroid: 
area-based xx moment: 
area-based yy moment: 
area-based zz moment: 
area-based xy product: 
area-based xz product: 
area-based yz product: 
THE PROPERTIES OF MASS 
total mass: 
mass by area: 
mass by volume: 
mass-based centroid: 
mass-based xx moment: 
mass-based yy moment: 
mass-based zz moment: 
mass-based xy moment: 
mass-based xz moment: 
mass -based yz moment : 
( 0.0000, 0.0000,  0 .0000)  
9.4257 3,, = 9.4248 
6.8069 13n/6 = 6.8068 
6.8069 13n/6 = 6.8068 
0.0000 C 
0.0000 0 
0.0000 0 
12.5650 
12.5650 
0.0000 
( 0.0000, 
9.4257 
6.8069 
6.8069 
0.0000 
0.0000 
0.0000 
15 
4n = 12.5663 
4 R  = 12.5663 
0.0000,  0 .0000)  
3R = 9.4248 
13rr/6 = 6.8068 
13rr/6 = 6.8068 
0 
0 
0 
Table 1. (cont.) 
PHYSICAL PROPERTIES OF cylinder 
THE PROPERTIES OF MASS 
total mass: 3.1415 
mass by volume: 3.1415 
mass-based xx moment: 1.5709 
mass-based yy moment: 1.0476 
mass-based zz moment: 1.0476 
mass-based xy moment: 0.0000 
mass-based xz moment: 0.0000 
mass-based yz moment: 0.0000 
mass by area: 0.0000 
mass-based centroid: ( 0.0000, 
rr = 3.1416 
n = 3.1416 
0.0000, 0.0000) 
n / 2  = 1.5708 
n / 3  = 1.0476 
n/3 = 1.0476 
0 
0 
0 
PHYSICAL PROPERTIES OF tank 
THE PROPERTIES OF MASS 
total mass: 12.5650 
mass by area: 12.5650 
mass by volume: 0.0000 
mass-based centroid: ( 0.0000, 
mass-based xx moment: 9.4257 
mass-based yy moment: 6.8069 
mass-based zz moment: 6.8069 
mass-based xy moment: 0.0000 
mass-based xz moment: 0.0000 
mass-based yz moment: 0.0000 
4n = 12.5063 
4n = 12.5663 
0.0000, 0.0000) 
3n = 9.4248 
13n/6 = 6.13068 
13n/6 = 6.8068 
0 
0 
0 
. PHYSICAL PROPERTIES OF fulltank 
THE PROPERTIES OF MASS COMPUTED 
total mass: 15.7065 
mass by area: 12.5650 
mass by volume: 3.1415 
mass-based xx moment: 42.4096 
mass-based yy moment: 39.2675 
mass-based zz moment: 39.2675 
mass -based xy moment: 15.7065 
mass-based xz moment: 15.7065 
mass-based yz moment: 15.7065 
mass-based centroid: ( i.oooa, 1 
16 
EXACT 
5n = 15.7079 
4n = 12.5663 
ll = 3.1416 
0000, 1.0000) 
27n/2 = 42.4115 
751r/6 = 39.2699 
75n /6  = 39.2699 
5n = 15.7079 
5n = 15.7079 
5n  = 15.7079 
The section concludes with a more appropriate representation for tlie prior 
configuration. In this case, there is a single component defined with both solid 
and shell characteristics scaled and translated to its final position. 
Table 2. 
PHYSICAL PROPERTIES OF CY1 
THE PROPERTIES OF AREA COMPUTED EXACT 
total surface area: 12.5650 4 R  = 12.5663 
weight per unit area: 1.0000 
projected area in xy plane: 1.9994 2 
projected area in xz plane: 1.9994 2 
area-based xx moment: 34.5557 1 1 R  = 34.5575 
projected area in yz plane: 3.1415 n = 3.1416 
surface-based centroid: ( 1.0000, 1.0000, 1.0000) 
area-based yy moment: 31.9369 61n/6 = 31.9395 
area-based zz moment: 31.9369 6 I n / 6  = 31.9395 
area-based xy product: 12.5650 4 = 12.5663 
area-based xz product: 12.5650 4 = 12.5663 
area-based yz product: 12.5650 4 = 12.5663 
THE PROPE~TIES OF VOLUME n = 3.1416 total volume: 3.1415 
volume-based centroid: ( 1.0000, 1.0000, 1.0000) 
weight per unit volume: 1.0000 
volume-based xx moment: 
volume-based yy moment: 
volume-based zz moment: 
volume-based xy product: 
volume-based xz product: 
volume-based yz product: 
THE PROPERTIES OF MASS 
total mass: 
mass by area: 
mass by volume: 
mass-based centroid: 
mass-based xx moment: 
mass-based yy moment: 
mass-based zz moment: 
mass-based xy moment: 
mass-based xz moment: 
mass-based yz moment: 
7.8539 5n/2 = 7.8540 
7.3305 73713 = 7.3304 
7.3305 7R/3 = 7.3304 
3.1415 R = 3.1416 
3.1415 R = 3.1416 
3.1415 lr = 3.1416 
15.7065 5n = 15.7079 
= 12.5663 12.5650 4n 
3.1415 R = 3.1416 
42.4096 27n/2  = 42.4115 
39.2674 751~16 = 39.2699 
39.2674 75n/6 = 39.2699 
15.7065 5rr = 15.7079 
15.7065 517 = 15.7079 
15.7065 5n = 15.7079 
( 1.0000, 1.0000, 1.0000) 
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3 On-line Help Systems: -4uthoring and Using 
Until recently, one of the least developed portions of nlany systems was 
the help provided to the users of the system. In addition, tools for system 
developers to  easily create documentation aiid help facilities were also lacking. 
IIowever, much current research has begun to address the issues of design and 
implementation that arise in on-line help systems. A current list of such issues 
and references can be found in [6]. 
Such recent research has shown that the major uses of help systems will be 
three fold: first, for the presentation of summary and tutorial information, sec- 
ondly as a general source of on-line system capabilities and finally, as a detailed 
compendium of system operation. For her master’s project and as her contribu- 
tion to  this grant, research assistant Jan Spangler looked into the development 
of such a system for SMART.  A complete system called ManualLVriter was the 
result. The appendix contains a major portion of her master’s project report 
on that sys tem. 
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Manualwriter: A Document Development Environment 
Th i s  paper desc r ibes  a pro to type  system c a l l e d  Manualwriter,  
which provides  a s e t  of f a c i l i t i e s  for t h e  au thorsh ip ,  
maintenance and d i s p l a y  of t e c h n i c a l  documentation. 
was designed t o  suppor t  t h e  documentation of t h e  S o l i d  Modeling 
Aerospace Research Tool (SMART), a conceptual des ign  system be ing  
developed a t  Nasa Langley Research Center. 
Manualwriter 
BACKGROUND 
Writ ing  good documentation, e s p e c i a l l y  good user  manuals f o r  
computer sof tware ,  is hard.  The use r  manual must provide 
informat ion  t o  a l l  p o s s i b l e  u s e r s ,  ranging from t h e  na ive  t o  t h e  
expe r t .  Furthermore, t hese  r eade r s  w i l l  want t o  u s e  t h e  manual 
i n  d i f f e r e n t  ways a t  d i f f e r e n t  times. 
summaries and t u t o r i a l  information;  l a t e r  they may want t o  
browse; f i n a l l y  they  may want a re ference  manual. 
Ea r ly  on they  w i l l  want 
Recent ly  t h e r e  has been an inc reas ing  t r end  t o  make documentation 
a v a i l a b l e  on-line.  
of t h e  i n t e r a c t i v e  environment provided by t h e  computer t o  t a i l o r  
t h e  material t o  t h e  needs of t h e  reader .  The r e c e n t  a v a i l a b i l i t y  
of more powerful works ta t ions  wi th  high r e s o l u t i o n  g raph ic  
d i s p l a y s  has  con t r ibu ted  t o  t h e  c rea t ion  of s o p h i s t i c a t e d  
document d i s p l a y  i n t e r f a c e s .  
Most of t h e s e  systems t r y  t o  t a k e  advantage 
As a r e s u l t ,  dur ing  the  p a s t  year  i n t e r e s t  i n  on- l ine  document 
d i s p l a y  systems has  a c c e l e r a t e d  sharply.  The e l e c t r o n i c  documents 
are of ten  r e f e r r e d  t o  as w h y p e r t e x t R .  
be c h a r a c t e r i z e d  by t h e  fo l lowing  f ea tu res  [l] : 
Most hyper tex t  systems can 
* Information is chunked i n t o  small u n i t s .  Each u n i t  
may con ta in  t e x t u a l  information. 
u n i t s  may a l s o  con ta in  o t h e r  forms of information 
such  as g raph ic  images, sound and animation. 
I n  some systems, 
* Uni t s  of information are displayed one per  window. 
* Uni t s  of information a r e  interconnected by l i n k s .  
Users  naviga te  i n  a hyper tex t  database by s e l e c t i n g  
l i n k s  t o  t r a v e l  from u n i t  t o  u n i t .  
* Users  bu i ld  t h e  hyperdocument by c r e a t i n g ,  
e d i t i n g ,  and l i n k i n g  u n i t s .  
In a d d i t i o n ,  a browser is an  important component of many systems.  
A browser d i s p l a y s  some or  a l l  of t h e  hyperdocument as a graph ,  
t o  show t h e  use r  which u n i t  he is viewing and how it f i t s  i n t o  
t h e  l a r g e r  hyperdocument. 
i l l u s t r a t e s  how a hyper tex t  browser provides a d i r e c t  two 
dimensional  view of t h e  da tabase .  
F igure  1 which was taken from [2] 
SCOPE OF SYSTEM 
The o b j e c t i v e  of ManualWriter is t o  provide a development 
environment f o r  t h e  writers of SMART'S use r  documentation. Th i s  
documentation w i l l  inc lude  a u s e r ' s  manual, a programmer's 
manual, and an i n s t a l l a t i o n  guide.  Development of t h e  
Manualwriter system began wi th  an examination of t h e  
c h a r a c t e r i s t i c s  of t h e s e  manuals, t h e i r  l i f e  cyc le s ,  and t h e  
p rocesses  used t o  create them: 
* The u s e r  and programmer manuals w i l l  probably be 
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longer than 100 pages. 
* SMART, which is in its third year of development, is 
a large system that will continue to evolve. 
Manuals will need to keep pace with changes made to 
SMART. 
* SMART’S software development team (6 people) will 
write the documentation. 
For these reasons, Manualwriter is designed for large documents 
+&h lsng life There is --n-nc- C V l A C . G & I A  8,- A U A  - r e  UUU UIl.LJ -..I-- 4.L- b lC 
productivity of the individual, but also the productivity of 
groups. 
Research shows that with large documents most of the effort goes 
into preparing the content of the document [3] : 
In large documentation projects , the development 
(writing) stages take over half the project resources, 
while final production takes much less (less than 10 
percent according to some estimates). Therefore, to 
improve 
documentation projects, you need to concentrate on the 
development cycle; relatively small gains come from 
improving the final production cycle. 
productivity and reduce costs in large 
Therefore,.the Manualwriter design effort focused on helping the 
team of authors to organize their material to be readable in a 
dynamic way. Production issues (e.g. typesetting, layout) are 
largely ignored. 
REQUIREMENTS ANALYSIS 
Requirements for document display include : 
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* Provide browsing c a p a b i l i t i e s  so t h a t  r eade r s  can 
r a p i d l y  move among manual sec t ions  t o  f i n d  
information of i n t e r e s t .  
* Use graphics  t o  show in te rconnec t ions  between 
document s e c t i o n s  and o v e r a l l  o rganiza t ion  of t h e  
document. 
* Maintain consis tency of format when p resen t ing  
document s e c t i o n s .  
- 
* Allow user  t o  access SMART’S user manual while  
running SMART. 
t Maintain consis tency between t h e  document d i s p l a y  
i n t e r f a c e  and SMART’S i n t e r f a c e .  
* Limi t  t h e  amount which must be learned i n  o rde r  t o  
use  t h e  system and c a p i t a l i z e  on those  convent ions 
w i t h  which t h e  use r  may already be f a m i l i a r .  
To ach ieve  high p roduc t iv i ty ,  au thors  must be a b l e  t o  e n t e r  
material i n t o  the document d i s p l a y  system e a s i l y ,  qu ick ly  and i n  
a n a t u r a l  way. 
environment should have t h e  fo l lowing  f ea tu res :  
To provide t h i s  capab i l i t y  t h e  au thor ing  
* A da tabase  for s t o r i n g  documents. 
* A s e t  of cu t /pas t e  ope ra t ions  which al low au thor s  t o  
change or add t o  t h e  document’s h i e r a r c h i c a l  
s t r u c t u r e .  
* A s e t  of templa tes  for en te r ing  t e x t  so t h a t  
cons is tency  is maintained among document s e c t i o n s .  
* Tools t o  support  group co l labora t ion .  
* An on-l ine he lp  f a c i l i t y .  
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DESIGN DECISIONS 
Configuration 
The Manualwriter documentation system runs on the same hardware 
used by SMART - the Silicon Graphics IRIS 2400, a standalone 
high-performance graphics workstation. Onc Lsadvantage of 
installing Manualwriter on thd IRIS 2400 is that the workstation 
is =C=,PCe regc;,PCe which is already great &=and by S&AJqT’s 
end-users and the software development team. 
development package increases the machine’s already heavy 
workload. However, two criteria dictate use of the IRIS 
workstation: 
Adding a document 
. 
* It is desirable that the documentation system’s 
interface be consistent with that of SMART. SMART’S 
method of display interaction requires the 
capabilities of the IRIS workstation. 
* The end user should have the capability of 
accessing the user manual from within the SMART 
application. 
Both SMART and Manualwriter are written in the C language using a 
U N l x  operating system. 
Architecture 
The architecture of the documentation system is diagrammed in 
Figure 2. The central component is the documentation itself, 
which is arranged in a database of independent records. 
Page 5 
I 
This  da tabase  is c r e a t e d  and maintained us ing  Manualwriter.  
u se r  r e t r i e v a l  from t h e  da tabase  is handled us ing  ManualBrowser, 
t h e  i n t e r f a c e  f o r  on-l ine document d isp lay .  
a l s o  be p r i n t e d  as convent ional  paper documents. 
End- 
The da tabase  can  
Document Database 
The document is  organized as a h i e r a r c h i c a l  database of 
i n t e rconnec ted  records, A record is alsa referred !x 2s a ne&. 
Each node is a u n i t  of information r e t r i e v a b l e  from t h e  da tabase .  
Wr i t e r s  c r e a t e  
o r  any i t e m  of informat ion  t h a t  t h e  reader  might need t o  a c c e s s  
d i r e c t l y .  
a r e  cons t ruc t ed .  
a s e p a r a t e  node for each s e c t i o n  of t h e  document 
Nodes con ta in  t h e  s u b j e c t  matter from which documents 
A document is formed by l i n k i n g  nodes t o g e t h e r .  
The under ly ing  d a t a  s t r u c t u r e  of a Manualwriter document is a 
t ree .  Most o t h e r  hyper tex t  systems (e.g. Xanadu, Hyper t ies ,  
Texnet,  and Notecards) use  a d i r e c t e d  graph (network) t o  
s t r u c t u r e  t h e  document. 
t h a t  a network s t r u c t u r e  a l lows more f l e x i b l e  c ros s - r e fe renc ing  
among nodes than  d o e s ' a  t r e e .  
more n a t u r a l  s t r u c t u r e  f o r  organiz ing  l e v e l s  of a b s t r a c t i o n .  
Furthermore,  t h e  command language f o r  naviga t ion  i n  a tree- 
o r i e n t e d  system is simple [2] : 
One advantage of a d i r e c t e d  graph is 
On t h e  o the r  hand, t r e e s  provide  a 
From any node, t h e  most one can do is go t o  t h e  
p a r e n t ,  a s i b l i n g ,  or a c h i l d .  This s i m p l i c i t y  also 
d iminishes  t h e  d i s o r i e n t a t i o n  problem, s i n c e  a s impler  
c o g n i t i v e  model of t h e  information space w i l l  s u f f i c e .  
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Perhaps t h e  most d e c i s i v e  f a c t o r  i n  choosing a h i e r a r c h i c a l  
o r g a n i z a t i o n a l  scheme f o r  Manualwriter is t h a t  a s o p h i s t i c a t e d  
g r a p h i c a l  i n t e r f a c e  f o r  manipulat ing t r e e  s t r u c t u r e s  had a l r e a d y  
been developed f o r  t h e  SMART appl ica t ion  
SMART'S t ree-based  i n t e r f a c e ,  r eade r s  a re  r e f e r r e d  t o  [4] .Severa l  
b e n e f i t s  accrue  from adopt ing a similar t r ee -o r i en ted  
o r g a n i z a t i o n  f o r  Manualwri ter ' s  database: 
k'or a d e s c r i p t i o n  of 
* Users need only  l earn  one organizational scheme 
s i n c e  both systems use t r e e s  t o  s t r u c t u r e  d a t a .  
* Software c r e a t e d  f o r  SMART c a n  be re-used i n  
Manualwriter.  
* The au tho r s  (SMART'S programming team) a r e  
f a m i l a r  wi th  t h e  t r e e - e d i t i n g  opera t ions  which a r e  
needed t o  maintain a h ie ra rch ica l  da tabase .  
Log ica l ly  t h e  da tabase  c o n s i s t s  of a n y  number of documents, where 
each document c o n t a i n s  a number of document s e c t i o n s .  P h y s i c a l l y  
t h e r e  is a UMX d i r e c t o r y  f o r  each document. 
document's d i r e c t o r y  are l i s t e d  below (see F igure  3): 
The con ten t s  of a 
* A "conf igura t ion"  f i l e  containing t h e  names of 
every  f i l e  i n  which a s e c t i o n  of t h e  document's t e x t  
h a s  been stored. 
f i l e  s t o r e s  t h e  l i n k s  which interconnect  t h e  
document s e c t i o n s .  S t a t u s  information about each 
document s e c t i o n  ( t e x t  f i l e )  is a l s o  recorded: 1) a 
s h o r t  d e s c r i p t i o n  of t h e  t e x t ;  2) t h e  au tho r ' s  name; 
3) whether t h e  f i l e  con ta ins  no t e x t ,  a rough d r a f t ,  
a smooth d r a f t ,  or  f i n a l  copy; and 4) t h e  format of 
t h e  document s e c t i o n .  
I n  a d d i t i o n ,  the conf igu ra t ion  
* A t e x t  f i l e  f o r  each s e c t i o n  entered i n t o  t h e  
document. 
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* A nScrapBookn subd i rec to ry  containing document 
s e c t i o n s  t h a t  have been wr i t t en  but  no t  y e t  en te red  
i n t o  t h e  document's h i e ra rch ica l  s t r u c t u r e .  
End-user Del ivery  I n t e r f a c e  
Manualwriter produces documents which can be d i sp layed  a t  a 
t e rmina l  or p r i n t e d  on paper.  
because it provides  more f l e x i b l e  access t o  t h e  documentation. 
On-line d e l i v e r y  is more important  
On-line d e l i v e r y  of t h e  document database is managed by 
ManualBrowser. From w i t h i n  t h e  SMART app l i ca t ion  u s e r s  access  t h e  
f a c i l i t i e s  of ManualBrowser t o  d isp lay  SMART'S u s e r  manual. 
Writers o f t e n  use ManualBrowser while i n  t h e  au tho r ing  
environment t o  see how a p a r t i c u l a r  sec t ion  w i l l  appear  t o  i ts  
r e a d e r s .  
USER INTERFACE 
Screen Layout 
The s c r e e n  is d iv ided  i n t o  windows t h a t  are used t o  d i s p l a y  
d i f f e r e n t  k inds  of in format ion  (see Figure 4) : 
* The main s e c t i o n  of t h e  d isp lay  provides  two views 
Each node is l a b e l e d  
of t h e  document being worked on. 
r ep resen ted  as a t ree  graph. 
by t he  t i t l e  of the  document sec t ion  t h a t  it 
r e p r e s e n t s .  The l e f t  view disp lays  the  e n t i r e  t a b l e -  
of -conten ts  t ree  a long  with a view rec t ang le .  The 
r i g h t  view c o n t a i n s  t h a t  port ion of t r e e  conta ined  
i n  t h e  view r e c t a n g l e  sca l ed  l a rge r .  Thus, t h e  two 
The document is  
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views are respectively referred to a the "able-of- 
contents view" and the "detailed view". 
* The bottom left region is used to display status 
information about the document: title, supervisor, 
stage of development (rough draft, smooth draft, or 
final copy) , last modification, size of the 
database, directory where it is stored. This region 
is also used to display error messages. 
* The menu bar at the top of the screen presents the 
authoring tools provided by Manualwriter. 
have lower level operations which are accessed from 
pull-down menus. 
Some 
fzcilities ( R r t r ;  avo , i,;thnr, Organize, 2nd ke- ; ie~)  \--- -* *" ' " 
Navigating 
The user denotes where an action is to occur by clicking on the 
appropriate node in the "detailed view" of the table-of-contents 
tree. When a document becomes large, only a portion of the tree 
can be viewed in detail at one time. The simultaneous 
presentation of global and close-up views ensures that users are 
always aware of where in the overall document a magnified subtree 
fits. The mouse buttons are used to control what portion of the 
document is represented in the "detailed viewn. 
CREATING AND EDITING DOCUblENTS 
In creating documents, writers must manage four different kinds 
of information: 
structure - the organization of material into a 
chapter-section-subsection hierarchy; 
content - the subject matter of the document; 
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format  - t h e  appearance of t he  document; and 
s t a t u s  - information needed t o  supe rv i se  t h e  
document development process .  
Manualwriter f a c i l i t i e s  a l low au thor s  t o  cons ider  each a spec t  of 
t h e  document r e l a t i v e l y  independent ly  of t h e  o t h e r s .  
Organizing t h e  document . - 
The wri ter  imposes s t r u c t u r e  on t h e  document by d i r e c t l y  
manipulat ing t h e  tab le-of -conten ts  t r e e .  A s e t  of s t anda rd  
c u t l p a s t e  o p e r a t i o n s  are used t o  e d i t  the t r ee ' s  s t r u c t u r e .  
u se r  deno tes  where t h e  ope ra t ion  is t o  occur by moving t h e  cu r so r  
t o  t h e  a p p r o p r i a t e  node i n  t h e  t r e e .  
( chap te r ,  s e c t i o n ,  sub-sect ion)  t o  be operated upon can be 
The 
The l e v e l  of o b j e c t  
I i n f e r r e d  from t h e  node's p o s i t i o n  i n  the  t r e e  diagram. Being 
! a b l e  t o  s e e  t h e  t r e e  he lps  i n  v i s u a l i z i n g  t h e  s t r u c t u r e  of t h e  
document. 
The u s e r  can  move a whole sub- t ree  of the  document simply by 
c u t t i n g  i t ' s  r o o t  node from t h e  t r e e  and then  p a s t i n g  it back i n  
a new l o c a t i o n .  As a r e s u l t ,  t h e  u s e r  can quick ly  eva lua te  a 
number of d i f f e r e n t  o rgan iza t ions  f o r  ma te r i a l .  
Manualwriter o f f e r s  t h e  writers much f l e x i b i l i t y  i n  t h e i r  
approach t o  t h e  au thor ing  process .  Writers can c o n s t r u c t  t h e  
document i n  a top-down fa sh ion  by using t h e  s t r u c t u r e  e d i t i n g  
f a c i l i t i e s  t o  d e f i n e  a framework of chapters  and s e c t i o n s  before  
any t e x t  has  been en te red  f o r  them. T h i s  framework can be e a s i l y  
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restructured during document composition. 
supports a bottom-up approach to document development. Parts of 
the document can be written before knowing exactly where they are 
going to be placed in the document. 
linked to the overall document are stored in a “ScrapBook”; 
later these sections can be cut from the ScrapBook and pasted at 
a specific position in the table-of-contents tree. 
Manualwriter also 
Sections that have not been 
For a more complete description of the cut,/paste r.ommnndsi t h p  
reader is referred to Manual Writer’s user manual (see Appendix). 
Content Editing 
Text is added to a node via “template editnr”. 
predefined set of sub-titles. 
user to enter up to one screenful of text under each subtitle. 
The purpose of the template editors is to maintain a consistency 
among document sections. Listed below are the templates which are 
available : 
A template is a 
The template editor allows the 
templates 
User Manual Page 
Prog Manual Page 
Free Form 
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subtitles 
Button, Purpose, Usage, 
Description, Comments 
Name, Specification, 
Description, See Also, 
Notes 
user defines own 
subtitles 
The t empla t e  e d i t o r  is sc reen  o r i e n t e d  and employs 
i n t e r f a c e  similar t o  t h e  UNZX v i  e d i t c r .  It w a s  implemented 
us ing  t h e  UNIX cur ses  package. 
a use r  
F igu re  5 shows t h e  template  e d i t o r .  
e d i t i n g  commands appear i n  t h e  right-hand panel .  
is s t a t u s  information concerning t h e  document s e c t i o n  being 
edited (lower le f t -hand  corner )  . 
Notice t h a t  a summary of t h e  
Also d isp layed  
Supe rv i s ing  t h e  Document's Development 
Manual Writer provides  a s e t  of opera t ions  f o r  managing t h e  
document development process:  
* The "d i sp lay  information" opera t ion  causes  s t a t u s  
informat ion  on on i nd ica t ed  document s e c t i o n s  t o  
appear .  The use r  i n d i c a t e s  which s e c t i o n s  a r e  of 
i n t e r e s t  simply by c l i c k i n g  on nodes i n  t h e  t ab le -  
of -conten ts  t ree .  The information shown inc ludes  : 
t i t l e ,  au tho r ,  UNM owner and group, permissons,  
l as t  modi f ica t ion  and d r a f t  s t a t u s .  
* The "change locksn  ope ra t ion  allows a s e c t i o n  t o  be 
s p e c i f i e d  as read  only ( locked) .  A color-coded t ree  
is presented  i n  which t h e  nodes of locked document 
s e c t i o n s  are colored  green  and unlocked s e c t i o n s  a r e  
l i lac .  
and unlocked simply by c l i c k i n g  on i ts  node. 
The use r  t ogg le s  t h e  sec t ion  between locked 
* An o p e r a t i o n  is provided f o r  changing t h e  ind iv idua l  
or group owner of a document sec t ion .  
* Writers record  a document s e c t i o n ' s  c u r r e n t  s t a g e  of 
complet ion us ing  the  "change d r a f t "  command. These 
s t a g e s  are: blank,  rough d r a f t ,  smooth d r a f t ,  f i n a l  
copy. 
color-coded t o  r e f l e c t  its respec t ive  d r a f t  s t a t u s .  
Each node i n  t h e  table-of-contents  t r e e  is 
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VIEWING A DOCUMENT 
The interface to on-line documentation, called ManualBrowser, is 
conceptually similar to SMART’S interface f o r  displaying design 
configurations. 
table-of-contents tree. 
document by using mouse buttons to control the portion of the 
tree displayed in the detailed view. 
Dual viewports display the two views of the 
The reader navigates through the 
Once the relevant topic is 
located,  t h e  13ser d i c k s  on its node. The textcal content  cf t h e  
section is displayed (see Figure 6). 
highlighted. 
either scroll forwards or return to the table-of-contents tree. 
Subtitles and keywords are 
A mouse-sensitive control panel allows the user to 
Topics a r e  rarely independent, and part of using a manual well 
lies in deciding what to read. 
of a section, in what part of the document it appears, and what 
other sections are nearby in the document. 
The tree shows the local context 
The reader can produce hard copy of any section in the database. 
The print utility does a walk of the tree that represents the 
document starting from the selected node and going down the 
hierarchy. 
appendix is an example of hard copy produced by the system. 
Manualwriter’s user manual which is provided as an 
EVALUATION 
The first test of Manualwriter has been in developing an on-line 
help facility for the system. The documentation group consisted 
of one person, the author of this paper. I found Manualwriter’s 
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approach to document development particularly successful in the 
following areas: 
* It is easy to try out different ways of organizing 
the document's content. 
* The system's modular approach to document 
development helps the writer break down the writing 
task into manageable units. 
* With the IRIS workstation's display hardware and the 
ManualBrowser interface, on-line delivery is an 
acceptable alternative to paper. 
The most frustrating thing about using the system is its limited 
capabilities f o r  editing document content (i.e. the small set of 
commands f o r  editing text and lack of tools f o r  creating 
diagrams.) 
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Figure 1. The screen at the top iliuslmtcs how I hypcrtcxt browser provider a dlrn 
two-dimensional graphic view of the underlying database. In this Iilustmtion, the 
node "A" has k n  selected for full display of its comtcnls. Notice lhnt in the 
browser view you  can tell not only which nodes are linked IO A but also how the 
subnelwork fits into the larger hyperdocument. (Of mum. hypcrdwuments o f  ar 
size annol k shown all at once in 8 browscr-~nly portions mn be displayed.) 
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